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??????????????????? 19??????Monascus??????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????? 20-22?? 
??????????????????????????????????
????1000?????????????????????????????
???????????????????????? 23)??????????
???????????????????????????????????
????? 24)????????????????????, ????????
??????????????????????????? 25)???????
???????????????????????????????????
???????????????????????????????????
? 26-29??????????????????????????????????
????????? 3?????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????? 30-32)????????????? 3??
???????????????????????????????? 
???????????????????????????????? 
1) ????????????????? 
2) ???????????????????? 
3) ???????????????????????????? 
4) ???????????????????? ?? 1 (??????
???) 
5) ???????????????????? ?? 2 (?????? 
?????) 
6) ???????????????????? ?? 1 (?????? 
???) 
7) ???????????????????? ?? 2 (?????? 
?????) 
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???? ????????????????? 
??????????? 
? 1?? ?? 
? ??????????????????????????????????
???????????????????????????????????
????????????? 17??????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????? 
 
? 2?? ??????? 
1-2-1? ???? 
? ??????????????Oryza sativa var. Japonica cv.Hinohikari?????
????????????????????????Oryza sativa var. Japonica cv. 
Shiun???????????????Oryza sativa var. Japonica cv. Engimai????
???????????Oryza sativa var. Japonica cv .Midorinoka????????
?????????????????Zizania aquatica????????????
????????????????????????????????????
?????? 1000cc? T626?????? 2?3 mm?????? 
 
1-2-2? ????? 
??????????????????????????? 1-2-1?????
????????????????????????????Aspergillus oryzae?
????????????????????? 
? ????????????????? 100 g??????15????????
????? 2???????????????????????2~3 mm???
?????????????????????????????????? 6
????????? 24?????????????????????????
???121??15 ??????????????????? 40???????
???????????? 0.1 g?????????????????????
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? No.1 ????????30????????????????? 40 ???48
???????????????????????????????????
???????????????????????????????????
?????? (Figure 1-1, 1-2)? 
 
? ? ? ? ? ?  
? ? ? ? ? ? ? ? ? ? ? ? ?  
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        Figure 1-1. Procedure for ki koji making. 
 
 
 
 
 
 
 
 
 
 
Polished white rice or grounded colored grain (100 g) 
Soaking (120 min.) 
Draining (6~24 hr.) 
Autoclave (15 min.) 
Standing to cool 
Seed koji (Aspergillus orizae, 0.1g) 
Cultivation(40?48 hr., 30?) 
Ki-koji 
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Figure 1-2. Pictures of various ki koji. 
 
1-2-3? ????? 
?????????? NITE Biological Resource Center?? Monascus purpreus 
NBRC 5965????????????? Yasuda???? 33)?????????
? 50 g??????15????????????? 6???????????
? 6????????????????? 24???????????????
300 ml??????????121??15???????????????? PDA
???????????????? 1 cm???????????32???14?
???????????????????????????? 50 g?? 100 ml
?????????????????????? 32???14????????
?????????????????????????? 
 
?????????? 
???? 50 g???????????????????????? 5 g??
??????????32?? 14?????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????? (Figure 1-3, 1-4)?  
 
 
Black rice Red rice Green rice 
Wild rice Polished white rice 
- 6 - 
 
? ? ? ? ? ? ? ? ? ? ? ? ?  
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Figure 1-3. Procedure for seed beni koji making. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Polished white rice, grounded colored grain (50 g) 
Soaking (120 min.) 
Draining (6~24 hr.) 
Autoclave (15 min.) 
Standing to cool 
Beni koji (NBRC 5965, 0.2 g) 
Cultivation (14 days, 32?) 
Beni koji 
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Figure 1-4. Pictures of beni koji. 
 
 
? ? ? ? ? ? ? ? ? ? ? ? ?  
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Figure 1-5. Procedure for beni koji making. 
Polished white rice or grounded colored grain (50 g) 
Soaking (120 min.) 
Draining (6~24 hr.) 
Autoclave (15 min.) 
Standing to cool 
Seed beni koji (50 g) 
Cultivation (14 days, 32?) 
Beni koji 
Black rice Red rice Green rice 
Wild rice Polished white rice 
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1-2-4? ??????? 
? ????????????1-2-1????????????????????
???? SM-500 ?????????15????pH 4 ???????????
???? ( McIlvaine buffer ) ??????????? 
  ???????25 g???????????????????? 200 ml??
??? 
 
1-2-5? ????? 
? 1-1-2?? 1-2-3???????????? 20 g????????????100 
ml???????????? 55???????????2?????????
? (5 ml) ? 10 ml ??????????????????????????? 
?  
1-2-6? ????????????????????????? 
? ?????????? 34) ??????????? 1 g??????????? 
pH 5.0?0.2 M????? 10 ml?????????? 200 ml????????
???????????????????????????????????
??? 
???????????? 1-2-2 ?? 1-2-3???????????????
50 ml??????????????? 2 g????????????????
10 ml????15??? 3???200 rpm??????????????? 
 
1-2-7? ????????????? 35) 
  ?????????????1.8 N????????????????????
????????????? 
? 2????????????????????????????? 1?1??
??????10% (w/v) ?????????????????? 10%?????
?????????????????????????????? 50 μg/ml?
????????????????40 μg/ml?30 μg/ml?20 μg/ml?10 μg/ml ?0 
μg/ml????????????? 
? ??????????????????? Folin-Chiocalteu ?? Hamasaka ?
?????????????????????????????Figure 1-6?? 
? ?????????????????????Folin-Chiocalteu?? Hamasaka
- 9 - 
 
?????????????????????????????????? 1.0 
ml?????????2???????????? 1.0 ml?????????
????3???????????????10%????????? 1.0 ml??
?????????? 1??????????????????HITACHI U-1800
?????? 750 nm???????????????? Asample???????
??????????????????????????? Ablank??????
???????????????????????????????????
??? 
 
??????????? (μg/ml) = (Asample − Ablank)×???? (28.0) ×??? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 1-6. Standard curve of gallic acid with Folin-Ciocalteu method. 
               Range : 0<y?1.76  
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1-2-8? ????????? 
  ???????????????????????????Toyo Roshi Kaisha, 
Ltd.???????????????????? 
? ????????????? HITACHI U-3010?????? 350-650 nm??
????????? 
 
1-2-9? DPPH????????? 36) 
? 1,1-diphenyl-2-picrylhydrazyl (DPPH) ???????????????????
???????? 520 nm????????????????????RH : ?
????????????DPPH ? RH ????????????????
1,1-diphenyl-2-picrylhydrazyne????????????520 nm???????
? (Figure 2-7)?????????????????????????????
???????????????????????????????????
??????????????MES???????? 
 
 
 
 
 
 
 
 
 
 
 
 
          Figure 1-7. Reaction mechanism of 1,1-diphenyl-2-picrylhydrazyl  
          (DPPH) in the aqueous solution. 
 
  DPPH?2-?N−???????????????MES???????????
?????????????????6−?????−2,5,78−?????????
?−??????Trolox????? ?????? ?????????????
RH 
1,1-diphenyl-2-picrylhydrazyl    
         (DPPH) 
         Purple 
1,1-diphenyl-2-picrylhydrazyne    
          
         Light yellow 
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?????99 %?????????????????????????? 
? 200 μM DPPH????DPPH?? 3.9 mg???????????? 50 ml?
???????????????99 %?????? 50 ml??????????
????????????? EYELA RCN-7D??? 30?? 200 rpm?????
????? 
? 200 μM MES????MES 8.53 g ??200 ml??????????????
??????????????? 1 N NaOH? pH 7.0?????200 μM 
DPPH??? 200 μM MES???? 1 : 1????????????? 
? Trolox??????????? 100 μM??????????60 μM?50 μM?
40 μM? 30 μM? 20 μM? 10 μM? 0 μM?????????? 
? ??????Trolox ????????????????? Trolox ??? Oki
??????????? DPPH??????????????????? 
? ???????????????????????2-2-9?????????
?????????????? 50 %?????? 99 %??????????
??????????????? 2.0 ml? DPPH?? 2.0 ml ????10??
????110????????? U-1800?????? 520 nm????????
????????????? Asample?????? 50 % ???????????
???? Ablank?????????????????? 2.0 ml ??DPPH???
???? 99 % ?????? 200μM MES???? 1:1 ???????? 50%
??????? 2.0 ml????????????????Acontrol???????
??????Figure 1-8 ???????DPPH???????????????
????Tolox???????????????? Figure 1-9????? 
  
DPPH??????? (μM) = (Ablank−Asample?Acontrol)×????(100)×??? 
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? Sample                        Blank                         Control 
 
                   
 
 
                                      
 
                           
 
   
            
 Figure 1-8. Measuring method of DPPH radical scavenging activity. 
 aDPPH solution was mixed 200 μM DPPH solution and 200 μM MES buffer (1:1) 
 b50% ethanol solution was mixed 99% ethanol and 200 μM MES buffer (1:1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1-9. Standard curve of Trolox with DPPH radical scavenging method.   
Range : 0<y?0.589 
 
Sample, 2.0 ml 50% Ethanol, 2.0 ml Sample, 2.0 ml 
Stirring for 10 seconds 
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aDPPH solution, 2.0 ml b50% ethanol solution, 2.0 ml 
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1-2-10? ???????????β-????????35) 
  ??????????????????????????????????β-
???????????????????? β-??????????????
??????????????????????? β-??????????
?Tween 40???????????????????????????????
???????1?????????????????????????????
???????????????????????????????????
??????? 
? ??????????????????????????????????
??????????????????????Tween 40??????????
?????????β-????? 2?6−?−t−???−p−??????BHT???
?? ?????? ??????????????????99 %??????
???????????????????? 
? 0.2 M ??????????????????????? 2.7 g ? 200 ml ?
????????????????? 100 ml??????????0.2 M??
????????????????? 0.8 g ? 100 ml ???????????
????? 100 ml??????????0.20 M?????????????0.2 
M????????????? 0.2 M???????????????pH? 7.0
???????????????????? 1.0 g ????? 50 ml ?????
?????????????? 10 ml ??????????Tween40 ????
2.0 g? Tween40????? 50 ml??????????????????? 10 
ml??????????β-??????? β-???? 10 mg????? 50 ml ?
?????????????????? 10 ml???????????????
−β-???????????????????? 200 ml???????????
?? 0.2 ml?β-?????? 0.5 ml? Tween 40?? 1.0 ml?????????
???????????????????????????????? 100 ml
? 0.2 M??????????? 8.9 ml???????????????Figure 
1-10?? 
? ??????BHT????????????????BHT????????
??? 200 μM??????????100 μM?50 μM?20 μM?10 μM?0 μM?
????????????????? BHT ??????????????
Hamasaka??????????????? 
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  ???????????????????????????? 50 %????
?? 99 %?????????????????????????????? 0.1 
ml?????????????????−β-?????????? 4.9 ml???
??10 ??????U-1800?????? 470 nm?????????????
????? A0?????????????????????????????
? 50???????? 30?????????????? 470 nm??????
???????????? A30????????????? Y? A0 – A30 = ΔA
??????????? Figure 1-11????? 
Y????? (Figure 1-12) ???????????? 
Y = −0.11ln(X) + 0.63 
???????? (μM) = (X)×??? 
 
 
? ?             
 
             
 
                                            
 
                                                                   
 
   
                             
                                                  
 
 
 
 
 
                 
 
      Figure 1-10. Purification method of Linoic acid−β-caroten emulsion. 
 
Distilled water, 100 ml 
Chloroform, 10 ml Chloroform, 10 ml 
Nitrogen gas 
Distilled water, 300 ml 
Linoic acid−β-caroten emulsion 
KH2PO4, 2.7 g  NaOH, 0.8 g 
0.2M phosphate buffer 
0.5 ml 
Linoic acid, 1.0 g β-caroten, 10 mg 
0.2 ml 
Tween40, 2.0 g 
8.9 ml 1.0 ml 
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Figure 1-11. Measuring method of inhibitory activity of lipid peroxidation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1-12. Standard curve of inhibitory activity of lipid peroxidation method.    
Range : 0<y?0.39       
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 BHT concentration (μM?  
Linoic acid−β-caroten emulsion, 4.9 ml 
Stirring (about 10 seconds) 
The absorbance measurement (470 nm) ?A0? 
Reaction (50?, 30 min)  
The absorbance measurement (470 nm) ?A30? 
Sample, 0.1 ml 
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? 3?? ????? 
? 1-3-1  ???????????????  
??????????????????????????????????
???????????????????????????????????
????????????????(Figure 1-13, 14)?????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
1-2-4?????????????????????????????????
???????????????????????(Figure 1-15)?DPPH???
???????????????????????????????????
(Figure 1-16, 17, 18??)? 
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????? 
 
1-3-2  ????????????????  
? ??????????????????????????????????
? DPPH??????????????????????(Figure 1-19, 20)??
???????????????????????????????????
????? 
???1-2-4?????????????????????????????
??????????????????????????????510 nm??
??????????????????????????????  (Figure 
1-21)?DPPH???????????????????? (Figure 1- 25)???
????AN-2 ???????????????????????? (Figure 
1-23?24) ??????? (Figure 1-27) ??????? 
?????????????????5???????????? 7????
??????????? (Figure 1-26)???????????????? 3??
?????????????????????5 ?????????? 490 nm
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???????????????? (Figure 1-22)? 
? ??????????????????????????????????
????????????????? AN-2????????????????
???????????????????????????????????
???????????????? AN-2??????????????????
???????????????????????????????????
???? 
 
1-3-3  ??????????  
??????????????????? (Figure 1-28, 29) ???????
???????????????????????????DPPH ?????
???????????????????????????????????
???????????????????????????????????
????????????????? (Figure 1-30, 31) ??????????
??????DPPH ??????????????????????????
?????1.2????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1-13.  Comparison of DPPH radical scavenging activities of uncooked and 
cooked grains. Values are the mean of triplicates. * p<0.05 
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Figure 1-14.? Comparison of inhibitory activity of lipid peroxidation of uncooked and 
cooked grains. Values are the mean of triplicates. * p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1-15.  Picture of cooked and uncooked black rice bran extracts. 
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Figure 1-16.  DPPH radical scavenging activity of black rice and black rice bran 
extracts. Values are the mean of triplicates. * p<0.05 
 
 
  
 
 
 
 
 
 
 
Figure 1-17.  Total phenolic compound of black rice and black rice bran extracts.   
Values are the mean of triplicates. * p<0.05 
 
 
 
 
 
 
 
 
 
Figure 1-18.  Inhibitory activity of lipid peroxidation of black rice and black rice bran 
extracts. Values are the mean of triplicates.  
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Figure 1-19. Time courses of DPPH of 
various koji extracts. 1, 1hr after; 2, 20hr 
after; 3, 30hr after; 4, 40hr after. Values are 
the mean of triplicates.  
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                                  Figure 1-20. Time courses of inhibitory 
activity of lipid peroxidation of various ki 
koji extracts. 1, 1hr after; 2, 20hr after; 3, 
30hr after; 4, 40hr after. Values are the 
mean of triplicates.  
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Figure 1-21.  Time courses of absorption spectra for black rice bran extracts containing 
ki koji. 
 
 
 
 
 
 
 
 
 
 
Figure 1-22.  Time courses of absorption spectra for black rice bran extracts containing 
beni koji. 
 
 
 
 
 
 
 
 
 
Figure 1-23.  Time courses of absorption spectra for black rice bran extracts containing 
AN-2. 
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Figure 1-24.  Time courses of absorption spectra for black rice bran extracts containing 
Smizyme. 
 
 
 
 
 
 
 
 
 
 
Figure 1-25.  Time courses of DPPH of black rice pigment fermented with ki koji. Left 
shows the changes of pigment after Pasteurization in 60 m.n. Right shows the changes of 
cooked pigment that was autoclaved. Values are the mean of triplicates.  
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Figure 1-26.  Time courses of DPPH of black rice pigment fermented with beni koji. 
Left shows the changes of pigment after Pasteurization in 60 minutes. Right shows the 
changes of cooked pigment that was autoclaved. Values are the mean of triplicates.  
 
 
 
 
 
 
 
 
 
 
Figure 1-27.  DPPH radical scavenging activity of black rice bran extracts. 
Values are the mean of triplicates. * p<0.05 
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                                  Figure 1-28.  Time courses of DPPH of ki 
koji amazake made from various grains.  
Values are the mean of triplicates.  
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                                  Figure 1-29.  Time courses of inhibitory  
activity of lipid peroxidation of various 
ki koji amazake. Values are the mean of 
triplicates.  
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Figure 1-30. Time courses of DPPH of  
Beni koji amazake made from various grains.               
Values are the mean of triplicates.  
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                                Figure 1-31. Time courses of inhibitory  
activity of lipid peroxidation of various     
beni koji amazake. Values are the mean 
 of triplicates.  
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? 1?? ?? 
? ??????????????????????????????????
???????????????????????????????????
??????????????????????????????????AN-2
??????????????????????????? 
??????????????????????????????????
?????????? 2 ????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????? 
 
? 2? ??????? 
2-2-1? ???? 
? 1-2-1???  
 
2-2-2? ??? 
? ????????????????????Rhizopus sp.?????????
???????????????????????????? 
 
2-2-3? ????? 
? ??????????????????????????D(+)-??????
????????????????????????? BA-10 ???????
????????? 
? ????????????????????Saccharomyces cerevisiae????
??????????? 
? ?????? YPD?????Table 2-1??????300 ml????????
YPD???? 200 ml????????????? 30?????? 3?????
???? 
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? ????????? YPD?????Table 2-2????????????? YPD
?????????????????30??????? 3?4????????
???? 5??????????? 
 
? ? ? ? ? Table 2-1. Components of YPD medium. 
 
          Medium composition       % (w/v) 
           Yeast extract              1 
           Polypepton               2 
           D–glucose                2  
                                pH was not adjusted. 
 
 
? ? ? ? Table 2-2. Components of YPD agar medium. 
 
          Medium composition       % (w/v) 
           Yeast extract              1 
           Polypepton               2 
           D–glucose                2 
           Agar                     2 
                                pH was not adjusted. 
 
 
2-2-4? ?????????????? 
? ??????????????????????????????????
???????????????????????????????????
???? 
? ??????????YPD????????????????????–??
???????????????????????????????????
???????3000 rpm?10??5????????????????????
??????????? 0.8 %??????????????????????
?????????????????????????????????? 2
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???????????????????????????????????
???????? 
 
2-2-5? ?????????? 
? ????????????2?3 mm????? 30?34 g?????? 50 ml
? 300 ml????????????????? (121??15?) ???????
????? 0.2 g?????? 50 ml???????????????????
? 25????? 5????????? 
? ?????????????2?3 mm????? 30?34 g?????? 50 ml
? 300 ml???????????????? 0.2 g?????? 50 ml????
????????????????? 25????? 5?????????Figure 
2-1?? 
? ??????????????????????????????????
???? CO2????12 g???????????????????????
????????????Table 2-3? 
 
? ? ? Table 2-3. Weight of grains used for alcoholic fermentation. 
 
           Grains              Uncooked (g)   Cooked (g)             
       Polished white rice       ?  30? ? ?        30 
       Black rice                i33             33 
       Red rice                  34             34 
       Green rice                32             32 
       Wild rice                 i33             33 
 
? ??????????????????????????? 3.0×107 cells/ml 
?????????????????????? CO2???????????
??????????????????3000 rpm?10??5?????????
????? No.101 (Toyo Roshi kaisha, Ltd.)?????????????????
???????????????????????????????????
????????????????????????? 
 
? ? ? ? ? ? ?  
- 32 - 
 
 
                        
                                          
                        
                                               Ground to particles of 2-3 mm   
                                               in diameter 
 
       Deionized water, 50 ml 
       Autoclave (121?, 15 min)                  Deionized water, 50 ml 
                            
             
       
                 Kyokai No.7 yeast suspension (6×107 cells/ml), 50 ml  
                          Fermentation (25?, dark room)  
                                   Filtration 
       
                                       
 
 
 
   Figure 2-1. ? Procedure for brewing of alcoholic beverages. 
 
 
2-2-6? ??????? 
  ???????????? CO2?????? 24?????????????
??????????? 
 
2-2-7? pH?? 
? ???????????????????????????? pH? pH??
???Sartorius???????? 
 
?  
Grains, 30-34 g 
Glucoamylase preparation  
Sumizyme, 0.2 g 
Alcoholic beverages made from 
cooked rice 
Alcoholic beverages made from 
uncooked rice 
- 33 - 
 
2-2-8? ???? 34)?  
NaOH?1/10 N???????H2C2O5???????F=1.005???????
?????????????????????????? 
? 1/10 N NaOH??? F????? 1/10 N?????? 10 ml? 2?3????
???????????????????? 1/10 N NaOH?? a ml?????
?????????? 
? 10×F(1.005)=a×F 
  
  ?????????? 10 ml? 1/10 N NaOH??????????? 10 ml
? 1/10 N NaOH????? 1/10 N NaOH? F??????????????? 
? ??=???(ml)×F 
 
2-2-9? ????????? 
  ??????????? n–??????????????????????
??????????????????? 1.0 %?w/v??????? 
? ???????????????3000 rpm?10?????????????
?????????????????? 4?1???????????????
??????????? 5.0 μl???????? GC14???????????
???????????????????????????????????
?? 
? ????????????????? Table 2-4????? 
 
? ? ????????v/v?=? ????????w/v?×1.27 
 
? Table 2-4. Gas chromatographic conditions. 
       Column                PEG-HT 3.1m (glass column)             
       Carrier gas             N2, 30 ml/min 
       Column temp.          i50?−150??(5?/min) 
       Inj. temp.              i170? 
       Det. temp.              170?  
       Detector                FID     
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2-2-10? ???????? 37-39) 
  ??????????????????? ?????? ????????
??????D-????????????????????????????
???????????? 500 μg/ml???????????????400 μg/ml?
300 μg/ml?200 μg/ml?100 μg/ml?0 μg/ml????????????? 
? ??????????????????????????????????
???????????????Figure 2-2?? 
? ??????????????????????????????????
????????????? 0.5 ml?????????1.0 ml????????
??????????????? 10????????????????????
1.0 ml ????????????????????30???????????
?????? 5.0 ml???HITACHI U-1800?????? 520 nm??????
?????????? Asample ??????????????????????
???????????? Ablank?????????????????? 
????????????????????? 
 
? ???????μg/ml?= (Asample − Ablank)×???? (322) ×??? 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Figure 2-2. Standard curve of glucose with Somogyi-Nelson method. 
          Range : 0<y?1.53  
y = 0.0031x 
R² = 0.9987 
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2-2-11? ????????????? 
  1-2-7??? 
 
2-2-12? ????????? 
  1-2-8??? 
 
2-2-13? DPPH????????? 
? 1-2-9??? 
 
2-2-14? ???????????β-???????? 
  1-2-10???  
 
2-2-15? ???????????? 40) 
  ??????????????????????????????? 3−??
??? (Cy 3-glc) ????????? ??????????????? 
? 1%??−???????(1%HCl-MeOH)???? 5 ml ???? 500 ml???
?????????? 495 ml?????????? 
? ??????Cy 3-glc ????????????????Cy 3-glc ????
1%HCl-MeOH??? 50 μg/ml?????????????? 40 μg/ml, 30 μg/ml, 
20 μg/ml, 10 μg/ml, 0 μg/ml????????????????????? 
Cy 3-glc???????????????? (Figure 2-3)? 
? ???????????????????Ichiyanagi???????????
???? 40)?5 ml???????????????????????????
?????????????????????????????? 0.5 ml? 1 % 
HCl-MeOH?? 4.5 ml?????????U-1800????????530 nm??
?????????????? Asample ??????????????????
? 1 % HCl-MeOH??????????????????????? Ablank??
???????????????????????????????Cy 3-glc?
?????? 
 
?????????? (μg/ml) = ( Asample − Ablank ) ×???? (17.9 ) ×??? 
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Figure 2-3. Standard curve of anthocyanin. 
        Range : 0<y?2.71  
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? ? ? Table 2-5. Weight and polishing rate of grains used for  
      alcoholic fermentation. 
 
       Grains              Unpolished (g)      Polished (g)             
       Polishing rate              (%)            (%) 
       Polished white rice        30? ? ?        30 
        
       Black rice                i33             24.4 
                               (74)            (74) 
       Red rice                  34             28.6 
                               (84)            (84) 
       Green rice                32             25.9 
                               (81)            (81)  
       Wild rice                 i33             26.4 
                               (80)            (80) 
 
 
 
Table 2-6. Polishing rate of various grains used for alcoholic fermentation 
 
       Grains       (g)           Polishing rate (%)     
        
Black rice     33        i100,  86,  81,  74                                 
        
Red rice       34        100,  90,? 86,  84 
        
Green rice     32        100,  92,  87,  81 
        
Wild rice      33        100,  98,  87,  80  
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? 3?  ????? 
2-3-1  ???????????????????????? 
  ??????????????????????????????????
??????? Table 2-5??????? Figure 2-4????????????
????? 4 ?????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????? 2?3 mm??????????
???????????????????????????????????
???????????? (Figure 2-5)???????520?530 nm?????
???????????????????????????????????
???????????? (Figure 2-6)????? 1????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
? (Figure 2-7)?????????????????????????????
?????? 
????????????????????????????? DPPH ??
????? (Figure 2-8) ?????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????????? 1.6
??????? (Figure 2-9)? 
??????????????????????????????????
???????????????????????????????????
???????????????????????????????? 
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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???????????????????????????????????
??????????????????????????? 
 
2-3-2 ???????????????????????????? 
??????????????????????????????????
???????????????????????????????????
? Figure 2-10, 11??????????????????????? Figure 2-12
?????DPPH????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????? 
 
 2-3-3 ????????????????????????????  
? ??????????????????????????????????
???????????????????????????????????
??????? DPPH ?????????????????????????
???????????????????????????????????
?????????????????????(Figure 2-13, 14)????????
??????????? 
? ??????????? DPPH ????????????????????
????????????? DPPH ???????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
Figure 2-15 ??????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????? Table 2-6 ???????????????
???????????????????????????????????
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????????????? 3????????(p 57)? 
 
Table 2-5. Composition of initial mash and analysis of resulting alcoholic beverages. 
 
Rice 
Polished white 
rice 
Black rice Red rice Green rice Wild rice 
Fermentation 
With 
cooking 
Without 
cooking 
With 
cooking 
Without 
cooking 
With 
cooking 
Without 
cooking 
With 
cooking 
Without 
cooking 
With 
cooking 
Without 
cooking 
 
Initial pH 
 
4.7 4.8 4.9 4.9 4.9 4.9 5.0 5.0 5.0 5.1 
 
Final pH 
 
4.5 4.5 4.6 4.9 4.7 4.8 4.6 4.9 4.9 5.0 
 
CO2 output 
(g) 
 
11.8 11.5 11.8 11.3 11.9 12.2 11.9 11.2 11.9 11.8 
 
Filtrate (ml) 
 
76 83 67 75 66 76 73 73 48 63 
 
Acidity (ml) 
 
2.2 2.4 3.3 2.9 3.6 3.3 3.2 2.8 2.8 2.5 
Ethanol 
concentration 
(%, w/v) 
12.1 12.6 12.1 12.6 13.8 11.0 12.5 11.4 13.0 13.3 
Reducing 
sugar content 
(μg/mL) 
540 590 660 780 770 630 670 820 800 720 
Total 
phenolic 
compound 
(μg/mL) 
380 560 470 580 500 640 400 570 600 680 
Anthocyanin 
content 
(μg/mL) 
ND ND 61.8 94.6 ND ND ND ND ND ND 
Values are the mean of triplicates.  ND, not detected.   
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Figure 2-4. Time courses of fermentation of mashes made from various grains with 
cooking (left) and without cooking (right) using K7 yeast. Symbols: ○,Polished white 
rice; ●, Black rice; ?, Red rice; ▲, Green rice; ?, Wild rice. 
Values are the mean of triplicates. 
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Figure 2-5. Picture of alcoholic beverage made from various grains made using K7 
yeast. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-6. Absorption spectra of alcoholic beverages made from various rice grains.?
[A] shows with cooking and [B] shows without cooking. ▲, Black rice; ?, Red rice; □, 
Green rice; ○, Wild rice; ●, Polished white rice.  
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Figure 2-7. Total phenolic compound of alcoholic beverages made from various 
grains using K7 yeast. Open bars, fermentation with cooking; closed bars 
without cooking. Values are the mean of triplicates. ?: p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-8. DPPH radical scavenging activities of alcoholic beverages made 
from various grains using K7 yeast. Open bars, fermentation with cooking; 
closed bars without cooking. Values are the mean of triplicates. ?: p<0.05 
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 Figure 2-9. Inhibitory activity of lipid peroxidation of alcoholic beverages made from   
 various grains using K7 yeast. Open bars, fermentation with cooking; closed bars 
without cooking. Values are the mean of triplicates. ?: p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-10. Comparison of DPPH radical scavenging activity of various polished and 
unpolished grains fermented with K7 yeast at 25?. Open bars, fermentation with 
cooking; closed bars, fermentation without cooking. [A], with bran; [B], without bran. 
Values are the mean of triplicates. ?: p<0.05 
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? ?  
Figure 2-11. Comparison of inhibitory activity of lipid peroxidation of various 
polished and unpolished grains fermented with K7 yeast at 25? . Open bars, 
fermentation with cooking; closed bars, fermentation without cooking. [A]? with bran 
and [B] shows without bran. Values are the mean of triplicates.  
 
   
 
 
 
 
 
 
 
Figure 2-12. Picture of alcoholic beverages made from various grains of which brain 
was removed. 
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Figure 2-13. Antioxidant activities of alcoholic beverages made from black and wild 
rice grains of which bran was stepwise removed. Values are the mean of triplicates. 
?: p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-14. Antioxidant activities of alcoholic beverages made from red rice and green 
rice grains of which bran was stepwise removed. Values are the mean of triplicates.  
?: p<0.05 
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Table 2-6. Distribution of antioxidants in various grains. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-15. Picture of vertical sections of various grains. 
 
 
 
 
 
 
 
 
 
Black rice        Red rice              Green rice                   Wild rice  
Grain
Black rice Bran fraction Bran fraction
Red rice Whole grain Whole grain
Green rice Bran fraction Whole grain
Wild rice Whole grain Whole grain
Inhibitory activity of
lipid peroxidation
DPPH radical scavenging
activity
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? 3?? ??????????????????? 
????????? 
? 1?? ?? 
? ? 2???K7????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? 
? ?????????????? 2?????? NP01?Y3?????????
???????????????????????????????????
??????????????????????? K7???????????
??????? 
 
 
? 2 ?? ??????? 
3-2-1? ???? 
? 1-2-1??? 
 
3-2-2? ??? 
? 2-2-2??? 
 
3-2-3? ????? 
? ????? 2-2-3 ??????????Saccharomyces cerevisiae NP01?
Saccharomyces cerevisiae Y3???????????????????????
??????? 32)? 
 
3-2-4? ??????????????? 
? 2-2-4??? 
 
 
 
 
- 49 - 
 
3-2-5? ?????????? 
? 2-2-5??? 
 
3-2-6? ??????? 
? ???????????? CO2?????? 24?????????????
???????????????????????????????????
???? 6??????? 
 
3-2-7  pH?? 
3-2-8  ???? 
3-2-9  ????????? 
3-2-10 ???????? 
3-2-11 ????????????? 
3-2-12 ????????? 
3-2-13 DPPH????????? 
3-2-14 ???????????β-???????? 
  ???? 2? 2-2???? 
 
?  
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? 3 ?? ????? 
3-3-1  ??????????????? 
NP01?Y3?? K7??????????????????????????
???? Figure 3-1?????? 2?????? K7????????????
???? 4 ???????????Y3???? NP01 ???????????
??? 6??????????????????NP01???????????
?????6?????????????????????Table 3-1?????
???????????? 2????? K7????????????????
???????????????????????????????????
??????????????????????????????????
(Figure 3-3,3-4)???????????????????????? 
 
3-3-2  ???????????? 
? ?????????????????????DPPH ??????? (Figure 
3-5,6) ??????????? 2?????K7??????????????
?????????????DPPH????????????????????
??? 2??3?????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????? Y3???????
1.2??1.5???????NP01??????? 0.9????????????
????????Y3????????????????????????NP01
??????????? 1.3?????????  
? ??????? 2 ??????????????????????????
???????????????????????????????????
??????????? K7???????????????? 
?  
3-3-3  ????????????????? 
? ? 2 ????????????????????????????????
????? 74 %?80 %?????????????????????????
??????Table 2-5????????????????????????(Figure 
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3-9, 10)????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????? (Figure 2-4, 3-1, 3-2)??????????????????
??????????????????????? (Figure 3-11, 12, 13)? 
 
 
Table 3-1. Composition of initial mash and analysis of resulting alcoholic beverages. 
 
 
 
 
 
 
?  
 
 
 
 
 
 
 
 
                               
 
 
 
 
 
 
 
 
yeast Cookedncooked Cooked Uncooked Cooked Uncooked Cooked Uncooked Cooked Uncooked
K7 4.7 4.8 4.9 4.9 4.9 4.9 5.0 5.0 5.0 5.1
NP01 5.0 5.4 5.0 5.0 5.0 5.0 5.1 5.3 5.2 5.3
Y3 5.1 5.0 5.1 5.2 5.0 5.0 5.2 5.3 5.2 5.4
K7 4.5 4.5 4.6 4.9 4.7 4.8 4.6 4.9 4.9 5.0
NP01 4.7 4.6 4.7 5.0 4.9 4.6 5.0 5.0 5.0 5.1
Y3 4.8 4.7 5.0 4.6 4.9 4.6 5.1 5.0 5.2 5.1
K7 11.8 11.5 11.8 11.3 11.9 12.2 11.9 11.2 11.9 11.8
NP01 11.3 11.3 11.5 10.7 12.0 11.3 11.3 11.1 11.5 11.4
Y3 11.3 11.3 11.6 10.8 11.1 11.7 11.2 11.3 11.4 11.3
K7 76 83 67 75 66 76 73 73 48 63
NP01 70 83 62 70 59 62 65 78 43 59
Y3 70 88 68 78 62 63 70 70 40 59
K7 2.2 2.4 3.3 2.9 3.6 3.3 3.2 2.8 2.8 2.5
NP01 2.1 2.7 3.7 2.8 2.9 3.0 2.9 2.6 2.7 2.8
Y3 2.2 2.4 3.2 3.6 3.3 3.7 3.0 2.8 2.6 2.7
K7 12.1 12.6 12.1 12.6 13.8 11.0 12.5 11.4 13.0 13.3
NP01 12.6 12.2 13.2 12.2 14.1 12.6 13.3 13.8 13.5 11.1
Y3 12.7 11.5 13.3 11.3 12.2 11.0 12.5 11.5 13.3 10.6
K7 540 590 660 780 770 630 670 820 800 720
NP01 760 660 800 660 880 660 1000 895 820 860
Y3 800 790 820 790 900 820 970 1100 1000 920
K7 380 560 500 640 470 580 400 570 600 680
NP01 470 520 630 770 540 650 420 470 800 810
Y3 540 660 530 770 690 650 512 481 800 810
Black rice Red rice Green rice Wild rice
Ethanol
concentration(%,w/v)
Initial pH
Final pH
CO2 output(g)
Filtrate(mL)
Acidity(mL)
Reducing sugar
content(μ?/mL)
Total phenolic
compound(μ?/mL)
Polished white r
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Figure 3-1. Time courses of fermentation of mashes made from various grains with Y3 
yeast. Left shows fermentation with cooking and right shows without cooking. Values 
are the mean of triplicates.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-2. Time courses of fermentation of mashes made from various grains with 
NP01 yeast. Left shows fermentation with cooking and right shows without cooking. 
Values are the mean of triplicates. 
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Figure 3-3. Total phenolic compound of alcoholic beverages made from various grains 
using Y3 yeast. Open bars, fermentation with cooking; closed bars without cooking. 
Values are the mean of triplicates. ?: p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-4. Total phenolic compound of alcoholic beverages made from various grains 
using NP01 yeast. Open bars, fermentation with cooking; closed bars without cooking. 
Values are the mean of triplicates. ?: p<0.05 
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Figure 3-5. DPPH radical scavenging activities of alcoholic beverages made 
from various grains using Y3 yeast. Open bars, fermentation with cooking; 
closed bars without cooking. Values are the mean of triplicates. ?: p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-6. DPPH radical scavenging activities of alcoholic beverages made 
from various grains using NP01 yeast. Open bars, fermentation with cooking; 
closed bars without cooking. ?: p<0.05 
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Figure 3-7. Inhibitory activity of lipid peroxidation of alcoholic beverages made 
from various grains using Y3 yeast. Open bars, fermentation with cooking; 
closed bars without cooking. Values are the mean of triplicates. ?: p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-8. Inhibitory activity of lipid peroxidation of alcoholic beverages made 
from various grains using NP01 yeast. Open bars, fermentation with cooking; 
closed bars without cooking. 
 
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
White Black Red Green Wild
rice
In
hi
bi
to
ry
 a
ct
iv
ity
 o
f l
ip
i p
er
ox
id
at
io
n 
(μ
m
 B
H
T
 e
q.
) 
 
polished 
white rice 
black rice red rice green rice wild rice 
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
Black Red Green Wild
rice
White
In
hi
bi
to
ry
 a
ct
iv
ity
 o
f l
ip
id
 p
er
ox
id
at
io
n 
(μ
M
 B
H
T
 e
q.
) 
 
polished  
white rice 
black rice red rice green rice wild rice 
 
 
- 56 - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-9. Time courses of fermentation of mashes made from various grains of which 
bran was not removed. Fermentation was performed with K7 yeast.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-10. Time courses of fermentation of mashes made from various grains of 
which bran was removed. Fermentation was performed with K7 yeast.  
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Figure 3-11. Time courses of fermentation of mashes made from various grains with K7 
yeast.  
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Figure 3-12. Time courses of fermentation of mashes made from various grains with Y3 
yeast.  
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Figure 3-13. Time courses of fermentation of mashes made from various grains with 
NP01 yeast.  
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? 4?? ??????????????????? 
? ?????????????????????  
??? 
??????????? 
? 1 ?? ?? 
? ? 2??3???????????????? K7?NP01?? Y3? 3???
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????? 
 
? 2 ?? ??????? 
4-2-1? ???? 
? 1-2-1 ??? 
 
4-2-2? ????? 
? 1-2-2 ???????? Figure 1-1??? 
 
 
 
 
 
 
 
Figure 4-1. Pictures of ki koji. 
 
4-2-3? ???? 
Polished white rice koji Aspergillus oryzae 
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?????? 
?  ???????????????? 
?  ????????????????????????? 
?  ????????????????????? 
 
?????? 
? ? 0.2 M????? (pH 5.0) 
? ? ? ?? 3 ml??????? 250 ml??????? A??????????
?????? 5.44 g??????? 200 ml??????? B????? 
? ? ????B?? A??????pH 5.0?????? 
? ?  
? ? 0.5%?????????? 10 mM????? 
? ? ? ??????? 1 g???????????0.2 M?????? (pH 5.0)
? 10 ml????????? 200 ml????????? 
 
? ? 0.01 M????? (pH 5.0) 
? ? ? 0.2 M?????? (pH 5.0) 100 ml?????? 1900 ml?????2 L
???? 
 
? ???????  
?????????? 34)??????????????????? 
10 g?????????0.5 %?????????? 10 mM?????
50 ml?????????????? 15?? 3?????????????
?? (ADVANTEC TOYO No.5C 55 mm) ???????????????
?????? 
 
4-2-4? ????????????? 
?????? 
? ?????????????? ???????? (??????????
??????) 
 
?    ?????? 4-??????? β-????? (G2-β-PNP) 
? ?  ?????? β-??????? 
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? ?  ??????? ??????? 
? ?  
?????? 
???????4-2-3?????????????? 2???????
????? 
????????? 0.5 ml????? 0.5 ml????37??????
?? 5??????????????????? 0.1 ml???????
??????????? 37?? 10??????????????? 2 ml
?????????????????????????????????
550 nm????????????????? 
???????????????????? 37?? 15???????
????? 2.0 ml??????????????? 0.1 ml??????
?????????????????????? 550 nm???????
?????????? 
GA????????????? 
 
? ? ? GA?? (U/g ?) = (Es-Eb) ×0.171×Df×??? (5?) 
? ? ? Es? ????????? Eb? ????????? Df? ???????? 
(2?) 
         
? ? ? ? ???? GA????G2-β-PNP?????????1U???????
?????????1??? 1 μmol? 4-???????? (PNP) ???
?????????? 
4-2-5? ????? 
? 2-2-3??? 
 
4-2-6? ?????????????? 
? 2-2-4??? 
 
4-2-7? ????????????? 
? 2?3 mm??????? 30?34 g?????? 50 ml? 300 ml??????
??????????? (121??15?) ????????????? 40 ml ?
??????? 3 g?30 g?????? 10 ml???????????????
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?????? 25????????????????????????? 3.0×107 
cells/ml???????????????????? 0.2 g?????? 
? ???????????????????? CO2?????? 12 g????
???????????????????????? 2-2-3?????????
????????? No.101???????????????????????
???????????????????????????????????
??????? 
?  
                        
                                          
                        
                                
                                                        
                
                        
                            
                                    
                           
  
                                   
       
                                       
 
 
 
   Figure 4-2. Procedure for brewing of alcoholic beverages. 
  
 
Table 4-1.  Composition of alcoholic beverages made from various ratio of ki koji. 
 
 
 
 
Grains, 30 g 
Ki koji  
Alcoholic beverages made from 
cooked rice 
Ground to particles of 2-3 mm in diameter 
Deionized water, 50 ml 
Autoclave (121?, 15 min) 
Deionized water, 50 ml 
Kyokai No.7 yeast suspension (3×108 cells/ml), 10 ml  
Fermentation (25?, dark room) 
Filtration 
10% koji 30% koji 50% koji 100% koji
?Polished white rice (g) 27 21 15 0
?Ki koji  (g) 3 9 15 30
?Water (ml? 90 90 90 90
?K7 yeast (ml) 10 10 10 10
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4-2-8? ??????? 
4-2-9? pH?? 
4-2-10? ???? 
4-2-11? ????????? 
4-2-12? ???????? 
4-2-13? ????????????? 
4-2-14? ????????? 
4-2-15? DPPH????????? 
4-2-16? ???????????β-???????? 
  ?? 2-2??? 
 
4-2-17? ??????????? 
???????? 0.05 g???????????1 N?? 3 ml??????
?????????????????? 2 ????????????????
??????????????? 0.5 ml ?????????????????
???????????????????????????????????
?????????????? 10 ml???????????????????
??????????? 0.5 g??????????????????????
???????????????????????????????????
???????????? ?  
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? 3 ?? ????? 
4-3-1? ??????????????????????????? 
? ???????????? 4 ?????????????????????
????? 6?????????????? 0.2 g?????????????
???????????????????????????????????
?????????????????? (Table 4-3)????????????
????????????????????????????? 2 ?????
??????????????????????????? (Figure 4-5)???
????????? 41)?????????????????????????
???????????????????????????????????
?????? (Table 4-3)?????????????????? 2 ?????
????????Figure 4-6 ??????????????? 12 g?????
?????67.5 ????? 8.1 g?????????????????????
???????4-2-17????????????????????? (Table 4-5)?
??????????????????? 70 ???????????????
???????????????????????????????????
?????????????????????????????? 
? ??????????????? Figure 4-5?????4?????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????? (Table 4-3, Figure 4-7)????????DPPH
???????????????????????????????????
?????  
 
4-3-2  27 %????????????????????????? 
? ????????? 5???????????????????????? 
???????????????????????????????????? 
??????????????????????????????????? 
???????????????????? (Figure 4-11, 12)???????? 
??????????????????????????????????? 
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?????????????????????????????????? 
???????? 
? ?????????????????????????????????? 
????????????????????????????? (Table 4-4?
Figure 4-13)??????? DPPH????????????????????
???????????????????????????????????
??? 2????????????DPPH?????????????????
???? (Figure 2-8, 9, 4-14)?DPPH???????????????????
????????????????????????????????????
??????????????? 1.1?~1.4????????????????
??????????????????????? 
 
4-3-3  ?????????????? 
? ?????????????? 27 ????????????? (Figure 
4-15)?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????? 
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Figure 4-3. Glucoamylase activity of ki koji made from polished white rice.  
Values are the mean of triplicates.  
 
 
 
    
 
 
 
 
 
 
 
 
 
Figure 4-4. Time courses of fermentation of mashes made from polished white?
rice using various ratio of ki koji. Values are the mean of triplicates. 
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Figure 4-5. Picture of alcoholic beverages made from polished white rice fermented   
using various ki koji ratios.  
 
Table 4-3. Comparison of characteristics of various alcoholic beverages made using  
various ki koji ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-6. Time course of fermentation of the mash containing ki koji prepared with  
only polished white rice.  
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Ethanol concentration (%,w/v) 9.2 8.7 7.1 6.2
Reducing sugar content (?g/ml) 1300 1420 1450 1540
Total phenolic compound (?g/ml) 240 250 250 330
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Figure 4-7.Total phenolic compound of alcoholic beverages made from polished 
white rice fermented using various ratio of ki koji. Values are the mean of triplicates. 
?: p<0.05 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-8. DPPH radical scavenging activity of alcoholic beverages made from 
polished white rice fermented using various ratio of ki koji. Values are the mean of 
triplicates. ?: p<0.05 
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Figure 4-9. Inhibitory activity of lipid peroxidation of alcoholic beverages made 
from polished white rice fermented using various ratio of ki koji. Values are 
the mean of triplicates.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-10. Time courses of fermentation of mashes made from various grains 
using 27 % ratio of ki koji.  
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Figure 4-11. Picture of alcoholic beverages made from various grains  
fermented using 27 % ki koji ratio.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-12. Absorption spectrum of alcoholic beverages made from    
black rice. 
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Table 4-4. Comparison of characteristics of various alcoholic beverages made using 
27% ki koji ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-13.Total phenolic compound of alcoholic beverages made from various  
grains fermented using 27 % ratio of ki koji. Values are the mean of triplicates.  
?: p<0.05 
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Figure 4-14. Two types of antioxidant activity of alcoholic beverages made from 
various grains fermented using 27 % ratio of ki koji. Values are the mean of 
triplicates. ?: p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-15. Time courses of fermentation of mashes made from uncooked polished  
white rice and black rice using 27 % ratio of ki koji.  
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Table 4-5. Sugar contents in various grains and ki koji. 
 
rice (mg/g) ki koji (mg/g)
Polished white rice 870 610
Black rice 840 520
Red rice 810 560
Green rice 780 580
Wild rice 840 280
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? 5?? ??????????????????? 
?????????????????????  
?? 2????????????? 
? 1?? ?? 
? ? 4 ????????????????????????????????
????????????????? 2 ?????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????????? 
 
? 2?? ??????? 
5-2-1? ???? 
? 1-2-1 ??? 
 
5-2-2? ????? 
? 1-2-2?4-2-2 ???????? Figure 1-1??? 
 
5-2-3? ???? 
???????????????? 4-2-3 ??? 
 
5-2-4? ????????????? 
??????????? 4-2-4 ??? 
     
5-2-5? ????? 
? 2-2-3??? 
 
5-2-6? ?????????????? 
? 2-2-4??? 
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5-2-7? ?????????????????????? 
???????????? 30 g?????? 10 ml????????????
???????? 25?????????????????????????
3.0×107 cells/ml???????????????????? 0.2 g?????? 
? ????????????? No.101??????????????????
???????????????????????????????????
???????????? 
?  
 
                        
                                          
                        
                                
                                                        
                
                        
                            
                                    
                           
  
                                   
       
                                       
 
 
 
   Figure 5-1. Procedure for brewing of alcoholic beverages. 
  
 
 
 
 
 
Ki koji, 30 g 
Alcoholic beverages made from 
cooked rice 
Deionized water, 100 ml 
Kyokai No.7 yeast suspension (3×108cells/ml), 10 ml  
Fermentation (25?, dark room) 
Filtration 
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Table 5-1.  Composition of alcoholic beverages made from various ratio of ki koji. 
 
 
 
 
 
 
 
 
 
 
5-2-8? ??????? 
5-2-9? pH?? 
5-2-10? ???? 
5-2-11? ????????? 
5-2-12? ???????? 
5-2-13? ????????????? 
5-2-14? ????????? 
5-2-15? DPPH????????? 
5-2-16? ???????????β-???????? 
  ?? 2-2??? 
 
 
 
 
 
 
 
 
 
 
 
100 % koji
   grains (g) 0
? ki koji  (g) 30
?water  (ml? 90
?K7 yeast  (ml) 10
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? 3?? ????? 
5-3-1  100 %?????????????????????????? 
? ??????????????????????????????????
???????????????????????????????? 8 ??
???????? 0. 2 g?????? (Figure 5-2)?????????????
????????????????? 1.1??? 1.2????????????
???????????????????????????????????
???????????????????????????????????
?????? (Figure 5-4)????????????????????????
????? 41)???????????????????????? Figure 5-3
?????5??????????????????????????????
???????????????????????????????????
?????????????????????????????? 3 ????
?????????????????????????? (Figure 5-8, 9, 10, 11, 
12)???????????? 27 %???????????????????
3~4 %???6 %  (w/v)?? 7 %  (w/v)??????????????????
???????????????????????????????????
?????????????????????????? (Table 5-2?Figure 
5-5)???????DPPH?????????????????????????
?????????????????? (Figure 5-6)????????????
?????????????????????? (Figure 5-7)????????
???????27 %???????????????????????????
???????????????????????????????????
??????????????????????????? 
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Figure 5-2. Time courses of fermentation of the mashes containing ki koji prepared 
with only various grains. Values are the mean of triplicates. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-3. Picture of alcoholic beverages made from ki koji prepared with only 
various grains. 
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Table 5-2. Comparison of characteristics of alcoholic beverages made from ki koji 
prepared with only various grains. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-4. Glucoamylase activity of ki koji prepared with various grains. Values are 
the mean of triplicates. ?: p<0.05 
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Figure 5-5.Total phenolic compound of alcoholic beverages made from ki koji 
prepared with only various grains. Values are the mean of triplicates. ?: p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-6. DPPH radical scavenging activity of alcoholic beverages made from ki 
koji prepared with only various grains. Values are the mean of triplicates.  
?: p<0.05 
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Figure 5-7. Inhibitory activity of lipid peroxidation of alcoholic beverages made 
from ki koji prepared with only various grains. Values are the mean of triplicates.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-8. Absorption spectrum of alcoholic beverages from ki koji prepared 
with only polished white rice.  
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Figure 5-9. Absorption spectrum of alcoholic beverages from ki koji prepared 
with only black rice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-10. Absorption spectrum of alcoholic beverages from ki koji prepared  
with only red rice.  
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Figure 5-11. Absorption spectrum of alcoholic beverages from ki koji prepared 
with only green rice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-12. Absorption spectrum of alcoholic beverages from ki koji prepared  
with wild rice.  
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? 6?? ??????????????????? 
????????????????????? ??
???????????? 
?????? 
? ? 4 ? 5 ?????????????????? 4 ???????????
???????????????????????????????????
???????????????????????????????????
??????? 4 ???????????????????????????
????? 
 
??????????? 
6-2-1? ???? 
? 2-2-1 ??? 
 
6-2-2? ????? 
???????????????????? 1-2-3 ???????????
?????????(Figure 1-3,4, 6-1)??? 
 
 
 
 
 
 
 
 
 
Figure 6-1. Picture of seed koji (Monascus purpreus NBRC 5965?). 
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6-2-3? ???? 
???????????????? 4-2-3 ??? 
 
6-2-4? ????????????? 
??????????? 4-2-4 ??? 
 
6-2-5? ????? 
? 2-2-3??? 
 
6-2-6? ?????????????? 
? 2-2-4??? 
 
6-2-7? ?????????????????????? 
[??????????????????????] 
2?3 mm??????? 30?34 g?????? 50 ml? 300 ml?????
???????????? (121??15?)????????????? 40 ml 
???????? 3 g?30 g???????????????? 10 ml???
???????????????? 25????????????Table 6-1??
????????????? 3.0×107 cells/ml ??????????????
?????? 0.2 g?????? 
 
[???????????????????????] 
? ? ???????? 30 g?????Table 6-2? 30 % ??????????
?????????????????? No.101?????????????
??????????????????????????????????
?????????????????? 
 
 
 
 
 
 
 
- 87 - 
 
Polished
white rice
Black rice Red rice Green rice Wild rice
 Material (g) 21.0 21.0 21.0 21.0 21.0
 Beni koji  (g) 9.0 9.0 9.0 9.0 9.0
? Table 6-1. Composition of alcoholic beverages made from beni koji of various ratio . 
 
 
 
 
 
 
Table 6-2. Composition of alcoholic beverages made from various grains of beni koji.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-2. Procedure for brewing alcoholic beverages. 
 
 
Raw rice 27 g 
Ground to particle of 2-3 mm in diameter 
Deionized water, 50 ml 
Autoclaved at 121? for 15 min 
K7 yeast (1×108
 
cells/ml), 30 ml 
Deionized water, 20 ml 
9 g of beni koji 
Alcoholic beverages made from cooked rice?30 % koji? 
Filtration 
Fermentation at 25? for 7 days in the dark room 
10 %koji 30 % koji 50 % koji 100 % koji
?Polished white rice (g) 27 21 15 0
?Ki koji  (g) 3 9 15 30
?Water (ml? 90 90 90 90
?K7 yeast (ml) 10 10 10 10
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6-2-8?  ??????? 
6-2-9?  pH?? 
6-2-10? ???? 
6-2-11? ????????? 
6-2-12? ???????? 
6-2-13? ????????????? 
6-2-14? ????????? 
6-2-15? DPPH????????? 
6-2-16? ???????????β-?????????  
???? 2? 2-2???? 
 
6-2-17  ?????????? 
4-2-17???? 
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????????? 
6-3-1? ??????? 
? ???????????????????????????????350 U/g 
koji ?????? 270 U/g koji ??????????? (Figure 6-3)??????
???????????????????????????????????
?????????? 2 ????????????????????????
????????????????? 2?????????????? (Figure 
6-4)? 
 
6-3-2? ??????????????????????????? 
? ??????????????? 10 %? 30 %?50 %?100 % ? 4?????
????????????? (Table 6-1)?????????? 7 ??????
???????????????????????????????????
??????????????????? (Figure 6-5)???????????
???????????????????????????????????
?,????????????????? (Figure 6-6)????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????? (Table 6-3?Figure 6-7)? 
? ???????????????????DPPH?????????????
???????????? (Figure 6-8)??????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????? 
 
6-3-3? ??????????????????????????? 
? ??????? 30 %?????? 27 g?????????????????
??????(Table 6-2)?????????????????? 7??????
????????????????????????????????????
???????????????????? (Figure 6-9 )??????????
???????????????????????????????????
???????????????????????????????????
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?????? (Figure 6-10 )???????????????????????
???????????????????????????????????
???????????????????????????????????
????? (Table 6-3)? 
???????????????????DPPH?????????????
???????????????????????????????????
???????????????????????????????? 1.8 ??
???????? 1.2????? (Figure 2-10?6-11, 12 )??????????
????????????????????????????????? 3??
????????? 1.7????? ( Figure 2-10?6-12)? 
 
6-3-4? ???????????????????? 
? ? 4 ????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????? (Figure 6-13 )? ?????????????? 2?????
???????? 
? ?? ????????????? 
? ?? ??? K7??????????? 
 
? ? [????????????]??? 
????????????????????????????? 42????
?????????????K7 ?????????14 ??????? 30 g
????????????????????????????????? 3 %
?5 % ?????????????????? (Figure 6-14) ???????
??????????????????????????????????
?????????????????? 4 ??????????6-2-17 ??
??????????????????????? 45 %?????????
??????????????????????????????????
?????????????? 
 
? ? [??? K7??????????]??? 
14???????? 0 g?2 g?5 g?10 g????????? 30 g?????
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3×107 cells/ml ? K7?? 10 ml?????? 0.2 g ????????????
??????????????????????????????????
???????????????????? (Figure 6-15 ) ????????
? 10 g?0 g?2 g?5 g??????????????????10 g????
??5 g?2 g?0 g??????????????????????????
????????????10 g????0 g?? 5 g???????????
??????????????????????????????????
???????????????????????????????????
0 g?2 g?5 g??????????????????????? 10 g???
??????????????????????????????????? 
? ????????????????????????????????
????????????????? 
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????????520 nm
???????????????????????????????????
?? (Figure 6-16,17,18,19,20,21 )?????pH???????????????
?????????????????????????????????? 
(Figure 6-22 )? 
 
6-3-5? ?????????? 
??????????????????????????????????
??? 7 ????????????????????????????? 
(Figure 6-23 )???????????????????????????? 
(Figure 6-24 )??????????????????????????????
???????????????????????????????????
??????????????????????????? 
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Figure 6-3. Comparison of glucoamylase activity of koji made with  
ki koji and beni koji. Values are the mean of triplicates.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-4. Time courses of glucoamylase activity for beni koji. 
Values are the mean of triplicates. 
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Figure 6-5. Time courses of fermentation of the mash containing various 
ratio of beni koji. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-6. Alcoholic beverages made from various ratio of polished white rice   
prepared using beni koji. 
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Table 6-3. Comparison of characteristics of various alcoholic beverages made using 
various beni koji ratios. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                     
 
 
 
Figure 6-7. Total phenolic compounds of alcoholic beverages made from  
various ratio of beni koji. Values are the mean of triplicates. * p<0.05 
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Acidity (ml)        2.5         2.4         2.4         4.0
Ethanole concentration (%,w/v)        7.4         6.2         5.8         5.7
Reducing sugar content (?g/ml) 260 390 500 980
Total phenolic compound (?g/ml) 325 448 492 612
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Figure 6-8. DPPH radical scavenging activity and Inhibitory activity of lipid 
peroxidation of alcoholic beverages made from various ratio of beni koji. 
Values are the mean of triplicates. * p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-9. Time courses of fermentation of the mash made from various  
grains using beni koji. 
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Figure 6-10. Alcoholic beverages made from various grains using beni koji. 
 
 
 
Table 6-4. Comparison of characteristics of various alcoholic beverages made from 
various grains using beni koji. 
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CO2 output (g) 7.9 8.5 7.9 8 7.9
Volume of filtration (ml) 67 64 65 62 42
Acidity (ml) 6.5 5.1 5.5 5.5 5.2
Ethanol concentration (%,w/v) 8.2 8.7 6.1 6.9 7.8
Reducing sugar content (μg/ml) 315 302 402 438 364
Total phenolic compound (μg/ml) 649 952 461 584 832
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Figure6-11. Total phenolic compounds of alcoholic beverages made from  
various ratio of beni koji. Values are the mean of triplicates. * p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-12. DPPH radical scavenging activity and inhibitory activity of lipid 
peroxidation of alcoholic beverages made from various ratio of beni koji. 
Values are the mean of triplicates. * p<0.05 
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Figure 6-13. Time course of fermentation of the mash made from polished white 
rice using 30% beni koji. [A], Incubation time 10 days; [B], Incubation time 14 
days.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-14. Gas chromatographic behavior of alcoholic beverages fermented  
using beni koji. [A], Fermentation was performed with only using beni koji ; 
[B], with K7 yeast and beni koji. 
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Figure 6-15. Time courses of fermentation of the mash made from polished 
white rice using various amounts of beni koji. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-16. Absorption spectrum of various alcoholic beverages using  
beni koji. 
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Figure 6-17. Absorption spectrum of various alcoholic beverages using beni 
koji. 
 
 
 
 
 
 
 
 
 
Figure 6-18. Absorption spectrum of various alcoholic beverages using beni 
koji. 
 
 
 
 
 
 
 
 
 
 
Figure 6-19. Absorption spectrum of various alcoholic beverages using beni 
koji. 
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Figure 6-20. Absorption spectrum of various alcoholic beverages using beni 
koji. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-21. Absorption spectrum of black rice alcoholic beverages using beni 
koji. 
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Figure 6-22. Absorption spectra of alcoholic beverages made from black rice 
using beni koji under the condition of various pH. 
 
 
Figure 6-23. Time courses of fermentation of the mash made from uncooked?
polished white rice and black rice using beni koji. 
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Figure 6-24. DPPH radical scavenging activity and inhibitory activity of lipid 
peroxidation of alcoholic beverages made from black rice and polished white 
rice using beni koji. Values are the mean of triplicates. * p<0.05 
 
Table 6-5. Sugar contents in various grain and beni koji. 
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Figure 7-1. Pictures of beni koji as saccharifincation agent. 
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Figure 7-2. Procedure for brewing of alcoholic fermentation. 
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Figure 7-3. Time courses of fermentation of the mash containing beni koji prepared 
with only various grains. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-4. Picture of various alcoholic beverages made from beni koji  
prepared with only various grains. 
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Table 7-1. Comparison of characteristics of various alcoholic beverages made from beni 
koji prepared with only various grains.. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                     
 
 
Figure 7-5. Total phenolic compounds of alcoholic beverages made from beni koji 
prepared with only various grains. Values are the mean of triplicates. * p<0.05 
 
 
polished
white rice black rice red rice green rice wild rice
Final pH 4.1 4.4 4.6 5 4.4
CO2 output (g) 3.7 2.2 2.2 1.2 0.95
Volume of filtration (ml) 67 64 61 58 42
Acidity (ml) 3.2 3.4 2.8 2.4 4.3
Ethanol concentration (%,w/v) 4.5 2.2 2.1 2.6 1.3
Reducing sugar content (μg/ml) 420 480 1970 1100 470
Total phenolic compound (μg/ml) 600 670 670 650 740
0
100
200
300
400
500
600
700
polished white
rice
black rice red rice green rice wild rice
To
ta
l p
he
np
lic
 c
om
po
un
d 
(μ
g/
m
l) 
* 
- 110 - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-6. DPPH radical scavenging activity of alcoholic beverages made from beni 
koji prepared with only various grains. Values are the mean of triplicates.  
* p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-7. Inhibitory activity of lipid peroxidation of alcoholic beverages made from 
beni koji prepared with only various grains. Values are the mean of triplicates. 
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Figure 7-8. Absorption spectrum of alcoholic beverages made from polished white rice 
beni koji.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-9. Absorption spectrum of alcoholic beverages made from black rice beni koji.  
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Figure 7-10. Absorption spectrum of alcoholic beverages made from red rice beni koji.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-11. Absorption spectrum of alcoholic beverages made from green rice beni 
koji.  
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Figure 7-12. Absorption spectrum of alcoholic beverages made from wild rice beni koji.  
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